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Background/Aims
The prevalence and severity of irritable bowel syndrome (IBS) declines with age, but the cause of this is unknown. This study tested 2 
hypotheses: (1) autonomic nervous system responses to eating and bowel distention, measured by heart rate variability (HRV), differs 
by age in IBS patients and (2) HRV is correlated with colonic motility and IBS symptoms.
Methods
One hundred and fifty-six Rome III positive IBS patients and 31 healthy controls underwent colonic manometry with bag distention in 
the descending colon, followed by ingestion of an 810-kcal meal. HRV, evaluated by low frequency (%LF; 0.04-0.15 Hz) component, 
high frequency (%HF; 0.15-0.40 Hz) component, and the LF/HF ratio, was measured during colonic distention and after the meal. 
Motility index and subjective symptom scores were simultaneously quantified.
Results
Both colonic distention and eating decreased %HF and increased the LF/HF ratio, and both indices of autonomic nervous system 
correlated with age. In IBS patients, %HF negatively correlated with the postprandial motility index after adjusting for age. The %HF 
and LF/HF ratios also correlated with psychological symptoms but not bowel symptoms in IBS patients. 
Conclusion
Decreased vagal activity is associated with increase in age and greater postprandial colonic motility in patients with IBS, which may 
contribute to postprandial symptoms.
(J Neurogastroenterol Motil 2018;24:87-95)
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Introduction  
Irritable bowel syndrome (IBS) is a chronic gastrointestinal dis-
order which is defined by recurrent abdominal pain and/or abdomi-
nal discomfort associated with changes in the consistency or fre-
quency of bowel movements.1 Around 5-15% of adults suffer from 
IBS2,3 and it is more prevalent in adolescence or in early adulthood 
than in older adults.4 The pathophysiology of IBS is presumed to 
be a disorder of the brain-gut link.1 Psychological stress exacerbates 
the cardinal symptoms of IBS.4,5 This phenomenon is believed to be 
mediated by activation of emotional brain networks and changes in 
activities of the autonomic nervous system (ANS) and neuroendo-
crine system, which may trigger abnormal colonic motility and vis-
ceral hypersensitivity.6 These facts suggest that age-dependent ANS 
function may be one of the key factors of IBS pathophysiology.
Heart rate variability (HRV) is often used as a biomarker for 
ANS activity.7 The parasympathetic motor pathways, which consist 
of the vagus nerves, modulate the gastrointestinal reflexes,8 and IBS 
patients are reported to have greater parasympathetic withdrawal 
compared to the baseline after meal ingestion.9,10 IBS patients often 
exhibit greater postprandial abdominal pain, discomfort, urge, and 
defecation, and greater colonic motility (gastro-colonic reflex) com-
pared to healthy controls.11-13 Other studies have shown that both 
the sympathetic and parasympathetic nervous system responses 
to stimuli are attenuated in older subjects.14,15 Findings include a 
decline in baroreceptor sensitivity16 and altered adrenergic receptor 
function.17 Epidemiological studies have also reported age-related 
decreases in the prevalence of IBS,18 but there has been no study of 
age-dependent ANS changes in IBS. Furthermore, there have been 
no reports on the relationship among age-dependent ANS function, 
postprandial colonic motility, visceral pain thresholds, and symp-
toms in IBS.
The purpose of this study was to investigate the associations be-
tween HRV and sensorimotor function of the colon, and how these 
correlations are affected by age. We tested the following hypotheses: 
(1) the sympathetic and vagal components in response to meals 
are different by age in patients with IBS, and (2) HRV during the 
postprandial period correlated with colonic motility, visceral pain 
thresholds, and IBS symptoms.
Materials and Methods  
Subjects
This was a prospective study. Subjects and study design have 
been previously reported,19,20 but the hypothesis that there are 
age-related differences in ANS activity and its response to meals 
and intraluminal distention has not been described previously.19,20 
Subjects were recruited via advertisements or physician referrals 
and screened by telephone. The study population consisted of 156 
patients who fulfilled the Rome III criteria for IBS, had received a 
physician diagnosis of IBS, and had current symptoms (abdominal 
pain or discomfort at least 3 days per month in the last 3 months). 
These subjects had no history of gastrointestinal surgery other than 
an appendectomy or cholecystectomy, no inflammatory bowel dis-
ease, celiac disease, lactose malabsorption, cardiovascular disease, or 
diabetes mellitus, and they were not pregnant at the time of study. 
Medication for IBS was stopped for 3 days before the experiment. 
However, antidepressants were discontinued 1 week before the pro-
cedure (with the consent of the patient’s physician). Subtypes of IBS 
(diarrhea-predominant IBS [IBS-D], constipation-predominant 
IBS [IBS-C], mixed IBS [IBS-M], and unsubtyped IBS [IBS-
U]) were classified by the predominant stool pattern according to 
the Rome III diagnostic classification. 
The control population was recruited via advertisements and 
consisted of 31 subjects without any significant or recurring gas-
trointestinal symptoms. Exclusion criteria for healthy controls were 
average stool frequency of less than 3 per week or more than 3 per 
day, use of a laxative or antidiarrheal agent on more than 2 occa-
sions over the prior year, history of alcohol or substance abuse, a 
psychiatric diagnosis, or any of the medical conditions listed above 
for the IBS patients. Sample size was calculated from the standard 
statistical design and previous study.21 The study was approved by 
the Institutional Review Board of the University of North Carolina 
(UNC) (IRBIS 01-1397), and all subjects provided written in-
formed consent. 
Study Design 
Subjects were studied at the Clinical Research Center at the 
UNC for a 24- to 30-hour period. They were instructed to fast 
for at least 4 hours prior to reporting for admission. On the day of 
admission, a medical history, physical examination, and breath test 
for lactose intolerance and small intestinal bacterial overgrowth were 
completed. The IBS-Quality of Life (IBS-QOL),22 IBS Symptom 
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Severity Scale (IBS-SSS),23 and Brief Symptom Inventory (BSI) 
which assesses psychological distress24 were administered on a com-
puter terminal during the breath test. A low-fiber meal was con-
sumed at approximately 5 PM. The day before experiment ended 
with a bowel cleanout consisting of 1.5 oz of Fleet’s phosphosoda 
enema administered at 6 PM and repeated at 9 PM.
Assessment of Heart Rate Variability 
Heart rate was recorded using continuous electrocardiography 
(ECG) with 3 electrodes attached to the chest. The 24-hour ECG 
data were processed through a ProComp+ Analyzer (Thought 
Technology Ltd, Montreal, Quebec, Canada). HRV measure-
ments were taken throughout the procedure, from baseline to post-
prandial period, using CardioPro 2.0 software (Thought Technol-
ogy). The ECG was sampled at a frequency of 256 Hz, each QRS 
complex was detected automatically by software, and R-R intervals 
were identified to quantify HRV. The Cardiopro software divided 
the recorded data into 5-minute periods. Data acquisition began 
after 10 seconds of barostat bag inflation. We analyzed the heart rate 
and inter-beat interval values for each period, and artifacts caused 
by body movements, extra beats, missed beats or premature atrial/
ventricular contractions were manually corrected or removed by us-
ing CardioPro software. 
The ECG was recorded as a series of time intervals between 
beats (the R-R intervals) in 5-minute blocks. These beat-to-beat in-
tervals were separated into 2 frequency ranges: a low frequency (LF) 
band of less than 0.15 Hz and a high frequency (HF) band of 
greater than 0.15 Hz. Previously published data shows that the LF 
band (0.04 to 0.15 Hz) reflects sympathetic activity and the HF 
band (0.15 to 0.40 Hz) represents parasympathetic activity. The 
ratio of low frequency to high frequency reflects the sympathetic-
parasympathetic balance.7,25
Colonic Sensory and Motility Testing
The study protocol was previously described in detail.26 All 
physiological and sensory testing was performed on day 2. On that 
morning, the barostat catheter with 4 small catheters used to mea-
sure pressures 2.5 cm and 5 cm from the proximal and distal edges 
of the bag (Model CT-BP600R; Mui Scientific, Mississauga, 
Ontario, Canada) was placed in the descending colon by advancing 
it over a guide wire placed by sigmoidoscopy. After placement, the 
position of the barostat catheter was confirmed by fluoroscopy. Fol-
lowing catheter placement, the subject rested for 90 minutes before 
examination. No sedation was used throughout the duration of the 
procedure. Subjects fasted until the test meal. During this time, 
the subjects were taught how to use the rating scales to describe the 
intensity of the sensations of pain and urgency to defecate using a 
6-point scale. Sensory rating occurred at the end of each distention. 
Colonic sensory testing was performed as shown in Figure 1.19,20 
Sample distentions were performed, during which the barostat bag 
was inflated in a stepwise fashion by increasing bag pressure by 4 
mmHg every 15 seconds until the subject reported moderate pain. 
Then, the bag pressure was set to the individual operating pressure 
(IOP),26 defined as the minimal distending pressure required to 
overcome mechanical forces and inflate the bag with 30 mL of air. 
During this procedure, subjects were placed in the left lateral de-
cubitus position. Perception thresholds in the rectum were assessed 
using the ascending method of limits. Phasic distensions were 30 
seconds in duration and were separated by 30-second rest intervals, 
starting at the IOP and increasing by 2 mmHg steps until the 
subject reported moderate pain (rating of 3 on a 0-5 pain intensity 
scale) or pressure reached 48 mmHg without the subject report-
ing moderate pain (safety limit). The pain threshold was defined 
as the pressure at which the subject first reported moderate pain (3 
on a 0-5 scale). If the subject did not report moderate pain until 48 
mmHg, the pain threshold was assigned a value of 50 mmHg. Af-
ter measuring pain thresholds, there was a 15-minute rest period.
Phasic contractions were determined from the perfusion ports 
above and below the bag under the following conditions: (1) during 
the fasting baseline for 10 minutes at the IOP, (2) during distention 
for 10 minutes at a pressure of IOP + 20 mmHg, (3) during a 
recovery period after intraluminal distention for 15 minutes at the 
IOP, and (4) following the meal for 30 minutes at the IOP.
The beginning and ending inflection points for each individual 
contraction were identified visually and the area under the curve 
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was calculated using a computer software (Polygram, Lower GI 
Edition, Version 5.06; Medtronic, Inc, Minneapolis, MN, USA). 
These areas were added together, then divided by recording time 
in seconds (excluding the time occupied by movement artifact), 
and multiplied by 100. The motility index (MI) was the average 
of phasic contractions at 4 perfusion ports. Colonic smooth muscle 
tone was defined as the average barostat bag volume during the 
fasting baseline, in the recovery period after intraluminal disten-
tion, and following the meal, using computer software (Sandhill 
Insight System, Highlands Ranch, CO, USA).26 Subjects were 
asked to consume the meal (standardized content containing 810 
kcals including 38 g of fat) within 10 minutes. After completion of 
the meal, the subject immediately returned to the left-lateral posi-
tion and bag pressure was maintained at the IOP for 30 minutes 
(the postprandial period). Phasic and tonic motility were recorded 
throughout this period.
Statistical Methods
Since IBS is considered to be a heterogeneous disorder and 
HRV in healthy subjects is known to be different by age, the sample 
size in the present study was determined based on statistical advice 
in order to perform the multiple regression analysis, and previous 
studies on HRV in patients with IBS.27,28 The variables were ana-
lyzed by the non-parametric Mann-Whitney U statistic and the 
Spearman rank correlation coefficient to account for non-normal 
distributions of some variables. Categorical data were analyzed with 
the c2 test. Linear mixed model was used to compare the HRV val-
ues measured across three time periods. The relationships between 
HRV and physiological and psychological data were evaluated in 
IBS and control groups, respectively. Multiple linear regression 
was used to adjust for confounding factors. In addition, the partial 
correlation analyses that controlled for age within each subgroup 
(ie, within younger and older IBS patients) were performed when 
the HRV values were different by age. SPSS version 24.0 (IBM 
Corp, Armonk, NY, USA) was used for statistical analysis. A P < 
0.05 without adjustment for multiple comparisons defined statistical 
significance.
Results  
Subjects
One hundred fifty-six IBS patients (131 female; mean age 35 
± 11 years) and 31 healthy control subjects (24 female; 37 ± 13 
years) were studied.
The IBS cases did not differ from the healthy controls in gen-
der or age. IBS patients had significantly lower scores on the IBS-
QOL, higher scores on the IBS-SSS, and greater psychological 
distress on the BSI compared to healthy controls. As previously re-
ported,20 IBS patients had significantly lower pain thresholds (P = 
0.004) and urge thresholds (P = 0.001) compared to healthy con-
trols. IBS patients included 32 IBS-C (29 females), 55 IBS-D (42 
females), 56 IBS-M (48 females), and 13 IBS-U (12 females). IBS 
subtype was not significantly related to age or sex.
Effects of Balloon Distention and Eating on Heart 
Rate Variability
The %HF band power or LF/HF ratio was not significantly 
different during the baseline between IBS and HC groups (Table 
1). The Linear mixed model revealed that IBS patients had a sig-
nificant change in LF/HF ratio across the time periods (P = 0.027, 
group × period interaction; Table 1). IBS patients significantly 
demonstrated less change in LF/HF ratio between the baseline and 
distention periods compared to HC (P = 0.007, group × period 
interaction). On the other hand, no significant change in %HF 
was observed between IBS and HC across the 3 periods (Table 
1). There were no significant differences in any HRV parameters 
among IBS subtypes.
Effects of Age on Heart Rate Variability
Among all IBS patients, age significantly negatively correlated 
with %HF and positively correlated with the ratio LF/HF (Fig. 
2). These correlations were significant both during baseline (rho = 
-0.482 for %HF band power and rho = 0.492 for LF/HF; P < 
0.001 in both instances), and also during the postprandial period 
(rho = -0.348 for %HF band power and rho = 0.359 for LF/HF 
ratio; P < 0.001 in both instances). 
Table 1. Changes in Heart Rate Variability Parameters
Variable  Group Baseline Distention Post-meal
%HF a  Controls 49 ± 18 38 ± 18 36 ± 14
 IBS 52 ± 19 42 ± 17 39 ± 16
LF/HF a,b  Controls 1.5 ± 1.1 2.8 ± 2.8 2.8 ± 2.0
 IBS 1.7 ± 2.0  2.0 ± 1.7c 2.6 ± 2.3
aP < 0.01, period effect by the linear mixed model across the 3 periods.
bP < 0.05, group × period interaction.
cP < 0.05, group × period interaction between the baseline and distention 
periods. 
HF, high frequency; LF, low frequency.
Data are shown as mean ± SD. 
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Healthy subjects as a group showed significant correlations 
between age and HRV only during baseline (%HF band power 
rho = -0.407, P = 0.023; LF/HF ratio rho = 0.439, P = 0.014) 
and not during the postprandial period (%HF band power rho = 
-0.149, P = 0.423; LF/HF ratio rho = 0.229, P = 0.214). 
Heart Rate Variability Effects on Colonic Motility 
and Sensitivity
During the baseline, neither IBS patients nor healthy controls 
showed significant correlations between HRV and the MI, the bag 
volume or the pain/urge threshold. However, during the postpran-
dial period, the postprandial MI significantly correlated with the 
postprandial %HF band power (rho = -0.231, P = 0.006) and 
LF/HF ratio (rho = 0.229, P = 0.006) in IBS patients but not 
in controls (Table 2 and Fig. 3). The multiple regression analyses 
showed that %HF was still a significant negative predictor of post-
prandial MI after adjusting for age in IBS patients (beta = -0.242, 
P = 0.007) but LF/HF ratio was not (beta = 0.112, P = 0.209).
Heart Rate Variability Effects on Irritable Bowel 
Syndrome and Psychological Symptoms
In IBS patients, IBS severity was not correlated with HRV 
during the baseline, distention, or postprandial period. The general 
score on the BSI significantly correlated with %HF (rho = -0.199, 
P = 0.010) and LF/HF ratio (rho = 0.206, P = 0.013) during 
the baseline (Table 2). The score for depression on the BSI also 
significantly correlated with %HF (rho = -0.178, P = 0.027) and 
LF/HF ratio (rho = 0.182, P = 0.023) during the baseline. Mul-
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HF ratio (right) during postprandial period.
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tiple regression analyses revealed that %HF (beta = -0.221, P = 
0.018) during the baseline was still a significant predictor of general 
score on the BSI after adjusting for age. On the other hand, signifi-
cant correlations were no longer found between the other scores on 
the BSI and HRV parameters after adjusting for age.
In healthy controls, the IBS severity scale or the IBS-QOL 
score was not correlated with any %HF or LF/HF ratio. Each 
score for on the BSI was not correlated with %HF and LF/HF 
ratio during the baseline (Table 2).
Post Hoc Analyses of Age Effects on Heart Rate 
Variability
To further explore the interactions between age, HRV, and 
other motility parameters, we divided the IBS group into younger 
and older cohorts. The cut-off point used to separate younger from 
older IBS subjects was the average age at which the ratio of LF/
HF changes from a positive value to a negative one as shown by the 
crossing of regression lines for %LF and %HF (Fig. 4). From the 
findings, the most appropriate cut-off point for age was estimated 
at 36.5 years. The younger cohort included 95 IBS patients (81 fe-
males), and the older cohort included 61 IBS patients (50 females). 
There was no significant difference between younger and older IBS 
patients in IBS-SSS, IBS-QOL, or any psychological score on the 
BSI.
In younger IBS patients, the postprandial MI significantly cor-
related with the postprandial %HF band power (rho = -0.359, P 
= 0.001) and LF/HF ratio (rho = 0.330, P = 0.002, Supplemen-
tary Table). Multiple linear regression analyses showed that %HF 
(beta = -0.398, P < 0.001) and L/H ratio (beta = 0.310, P = 
0.003) during the postprandial period were still significant predic-
tors of postprandial MI after adjusting for age in IBS patients. The 
general score on the BSI significantly correlated with %HF (rho= 
-0.208, P = 0.043) and LF/HF ratio (rho = 0.219, P = 0.033) 
during the baseline. The score for anxiety on the BSI correlated 
with LF/HF ratio (rho = 0.204, P = 0.047) during the baseline. 
Table 2. Correlations Between Heart Rate Variability Parameters and 
Physiological and Psychological Data
 HRV parameters
Controls (n = 31) IBS (n = 156)
%HF LF/HF %HF LF/HF
Motility index (MI)
    Baseline -0.208 0.145 -0.098 0.102
    Distention 0.266 -0.250 0.013 -0.016
    Postprandial 0.003 0.067 -0.231a 0.229a
Pain threshold 0.046 -0.034 0.003 0.004
Urge threshold -0.329 0.231 -0.031 0.059
IBS-SSS -0.109 0.015 0.018 -0.011
IBS-QOL 0.287 -0.291 0.106 -0.107
BSI-18
    General -0.069 0.047  -0.199b  0.206b
    Somatization -0.063 0.059 -0.062 0.067
    Depression -0.251 0.258  -0.178b  0.182b
    Anxiety 0.020 -0.084 -0.125 0.133
aP < 0.01.
bP < 0.05. 
HRV, heart rate variability; HF, high frequency; LF, low frequency; IBS-
SSS, Irritable Bowel Syndrome Symptom Severity Scale; IBS-QOL, Irritable 
Bowel Syndrome Quality of Life; BSI, Brief Symptom Inventory. 
Data are shown as rho scores by the Spearman rank correlation coefficient. 
Baseline data for %HF or LF/HF were used to assess the correlations except 
motility index during distention and postprandial periods. 
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After adjusting for age, %HF (beta = -0.237, P = 0.034) and L/
H ratio (beta = 0.232, P = 0.027) during the baseline were still 
significant predictors of general score on the BSI. A significant cor-
relation between the anxiety score and LF/HF ratio was no longer 
found after adjusting for age. Pain/urge threshold, the bag volume, 
the IBS-SSS and BSI psychological scales did not correlate signifi-
cantly with HRV in the younger cohort. 
The older IBS group did not show any significant correlation 
between HRV and the physiological or psychological parameters 
(Supplementary Table).
Discussion  
This is the largest study to date of the relationship between 
autonomic nervous system activity, colonic sensorimotor activity, 
and symptoms in IBS patients. The key findings are (1) the high 
frequency band of HRV (%HF) declines with age both in IBS 
and healthy subjects, and (2) %HF negatively correlated with post-
prandial phasic motility in IBS patients even after adjusting for age. 
These observations may help to account for the frequent exacerba-
tion of IBS symptoms during the postprandial period.11-13
Food intake induces gastric accommodation and stimulates the 
ANS.29,30 An increased blood volume after meal ingestion induces 
vasopressin release through the supraoptic and paraventricular 
nuclei of the hypothalamus.31 The paraventricular nuclei also have 
neurons releasing corticotrophin-releasing hormone and noradrena-
line.32 These peptides play an important role not only in homeostasis 
but also in stress responses. Simrén et al showed that IBS patients 
have colonic hypersensitivity during duodenal infusion of lipids.33 
We confirmed sympathetic arousal during the postprandial period, 
which is reflected in a higher LF/HF ratio in young IBS patients. 
The findings in our study suggest an intrinsic role of the autonomic 
nervous system from enteric neurons to spinal afferent nerves after 
meal ingestion and its dysfunction in IBS patients. We also found 
that withdrawal of parasympathetic activity and increased sympa-
thetic activity correlates with colonic motility during the postpran-
dial period. In IBS patients, meal ingestion often causes increased 
colonic motility which accelerates colonic transit.19
This study shows that HRV is related to age. The HF band 
is greater than the LF band in the younger IBS group whereas the 
opposite is true in the older IBS group (Fig. 4). Population-based 
studies in healthy subjects also supported age-related changes in 
HF but not in LF/HF ratio.14-16 HF power increases 5-fold during 
the first two decades of life, then it begins to decline. Between the 
ages 30 and 40 years %HF shows the most marked decline.15 In 
this study, those in the younger group who showed higher MI after 
meal ingestion have lower %HF and higher LF/HF ratio. Healthy 
subjects over 40 years old showed a smaller decrease in HF as well 
as a decreasing Valsalva ratio.34 Saito et al3 reported the prevalence 
of IBS as 13.5% in under 45 seconds and 9.4% in over 45 seconds. 
We speculate that the decline in IBS symptoms as people age may 
be influenced by the reduced activity of the ANS. 
Our study did not show significant HRV differences between 
IBS patients and healthy controls during any study period although 
IBS patients showed a significant blunting sympathetic response 
to the colonic distention. Some previous reports have also failed to 
show a significant HF and LF/HF ratio between IBS patients and 
controls in response to meal or water ingestion.35,36 Our study sug-
gests that HRV in response to meal ingestion is different depending 
on age in both IBS patients and healthy subjects, thus, the distri-
bution of subjects’ age might cause significant HRV differences. 
Another possibility is that cardiac vagal efferent nerve activity was 
not altered in IBS patients during the resting state. Interestingly, 
IBS patients significantly demonstrated less change in LF/HF 
ratio (ie, cardiosympathetic balance) from the baseline to colonic 
distention periods compared to controls in the present study (Table 
1). It has been reported that IBS patients had significantly less car-
diosympathetic and cardiovagal responsiveness after controlling age 
effect during flexible sigmoidoscopy which may cause visceral no-
ciception.28 The altered responses in the emotional-arousal network 
during visceral stimulation were shown in IBS patients by means of 
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brain imaging techniques.37-39
These brain regions are closely related to stress responses which 
often induce cardiovascular activation. However, meal stimulation 
may not directly affect the brain regions which mediate pathophysi-
ological conditions of IBS. Thus, the differences of HRV responses 
between IBS patients and healthy controls in some studies might be 
caused by the study design. However, younger IBS patients showed 
significant correlation between postprandial HRV, pain threshold 
and IBS-QOL. These data therefore suggest that ANS in younger 
IBS patients may represent the altered neural pathways between 
gastro-colonic reflexes and the sensory component.
This study has some limitations. First, blood glucose and lipid 
levels were not monitored when assessing the response to eating. 
These changes in metabolism may affect colonic motility, vascular 
regulation, or emotional state. Total meal calories may also affect 
colonic motility, but variations in calories consumed are unlikely to 
contribute to error variance in this study because subjects consumed 
a standard high-fat meal. Second, the number of male subjects 
was too small to test for sex differences. Tillisch et al40 reported sex 
differences in ANS in IBS patients. However, our findings sug-
gest that age may have a greater impact on HRV than does sex.41-43 
Third, as the post-hoc analyses, we set 37 years to divide the young 
and old age groups based on the ratio of LF/HF changes by age, 
which might be biased. However, misleading conclusions seem to 
be unlikely since the postprandial motor activity significantly cor-
related with the postprandial %HF even in all IBS patients (Fig. 
3). Imam et al44 previously proposed that QT and RR variability 
may be different among young (20-35 years), middle-aged (40-
55 years), and elderly (above 60 years) subjects. Further validation 
studies should be warranted to confirm the cut-off point by age on 
autonomic nervous function in patients with IBS.
In conclusion, our results suggest that, decreased vagal activity 
is associated with increase in age and greater postprandial colonic 
motility in patients with IBS, which may contribute to postprandial 
symptoms. 
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